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Supplementary Methods
Lake Constance food web data set and ATN model parameterization
LC is a temperate, large (476 km2), deep (mean depth = 101 m, max. depth 252 m), and warm-monomictic lake north
of the European Alps of glacial origin with weak pelagic-benthic coupling, and little allochthonous input into the
pelagic zone (Bäuerle & Gaedke 1998). The LC data set comprises long-term, high-frequency time series up to 20
years of abiotic conditions (e.g. light, temperature, mixing intensity, nutrient concentrations), species biomasses,
production, and the energy and nutrient flows within the food web (Gaedke et al. 1998, 2002; de Castro & Gaedke
2008, Gaedke & Straile 1994).

To build the food web model, species were assigned to functional guilds (Table S1) sharing the same prey and
predator guilds (Boit et al. 2012, Lang 1997). Plankton abundances were obtained by microscopic counting (Bäuerle
& Gaedke, 1998; Gaedke 1992). Body sizes were estimated by measuring either size frequency distributions of small
organisms (e.g. bacteria, heterotrophic nanoflagellates), average cell volumes of intermediate organisms
(phytoplankton, ciliates, rotifers), or the individual length of large ones (crustaceans). Species size was converted to
body mass in units of carbon using group-specific conversion factors (Gaedke 1992). Initial fish biomasses were
based on the parameterization of Boit et al. (2012), where they were inferred from LC catch data of commercially
exploited fish species (Appenzeller 1998) and sonar data (Eckmann 2010). Here, initial biomasses were split among
the five age groups, but then allowed to settle into dynamics equilibriums. Robustness with respect to initial values
was checked.
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Supplementary Table S1 The LC food web with size-related parameters and prey ranges. Adapted from Boit et al.
(2012). Colors represent 8 major functional groups: phytoplankton (1-6, green), heterotrophic bacteria (7, blue), HNF
(8, orange), ciliates (9-13, magenta), rotifers (14-17, dark cyan), herbivorous Crustaceans (18, light red), carnivorous
crustaceans (19, dark red), fish (21-30, light blue).

ID Name Description Biomass*
Body

Mass† xi, ri‡ FM§ Diet. ID** Weak links
0 DOC Pool of dissolved organic carbon 300,000 n.a. n.a. n.a. n.a. n.a.
1 Alg1 Single-cell algae, ++‡‡ 5000 6.40E-05 1 a n.a. n.a.
2 Alg2 Large, single-cell algae or colonies, + 3000 2.56E-04 0.9 a n.a. n.a.
3 Alg3 Filamentous blue and green algae, -- 30 3.20E-05 1.09 a n.a. n.a.
4 Alg4 Diatoms, algal colonies, + 5000 1.28E-04 1 a n.a. n.a.
5 Alg5 Small, coccal algae, ++ 5000 8.00E-06 1.2 a n.a. n.a.
6 APP Autotrophic picoplankton, + 20 2.50E-07 0.6 a n.a. n.a.
7 Bac Heterotrophic bacteria 20,000 1.56E-08 0.04 o 0 -
8 HNF Heterotrophic nanoflagellates, B§§

1500 8.00E-06 0.43 f/i 6-7 -
9 Cil1 Small ciliates, B 30 2.56E-04 0.14 f 6-7 -
10 Cil2 Small ciliates, B/H 150 2.05E-03 0.18 i 1,5-8 -
11 Cil3 Medium-size ciliates, H 2000 4.10E-03 0.15 f/i 1-2,5,8 2
12 Cil4 Medium-size ciliates, H 2000 8.19E-03 0.15 f 1,5,8 -
13 Cil5 Larger ciliates, O 300 6.55E-02 0.1 i 1-2,4-5,8-11 8
14 Rot1 Small rotifers, B/H 15 1.64E-02 0.13 f 1,5-8 -
15 Rot2 Medium-size rotifers, H 15 3.28E-02 0.12 f 1-9 2-4,9
16 Rot3 Large rotifers, O 50 6.55E-02 0.11 i 1-5,8-9 2-4,9
17 Asp Large rotifers, C 50 6.55E-02 0.12 r 2-4,8-16 -
18 Cru Mostly cladocerans (daphnids), H/O 3000 8.39E+00 0.07 f 1-16 7, 11, 14-16
19 Cyc Cyclopoid copepods, O/C 15,000 1.05E+00 0.07 r 1-5,8- 17 14-16
20 Lep Large, carnivorous cladocerans, C 400 6.71E+01 0.04 r 17-18 -
21 Lar1 whitefish larvae, C 500 1.28E+3 0.138 r 14-19 -
22 Lar2 perch larvae, C 500 4.56E+2 0.155 r 14-19 -
23 Juv1 whitefish juveniles, C 500 2.51E+6 0.06 r 18-20 -
24 Juv2 perch juveniles, C 500 1.35E+6 0.064 r 18-20 -
25 2yr1 2yr whitefish, C 1000 1.32E+7 0.05 r 18-20 -
26 2yr2 2yr perch, C 1000 6.42E+6 0.054 r 18-22 -
27 3yr1 3yr whitefish, C 2000 3.10E+7 0.046 r 18-20 -
28 3yr2 3yr perch, C 1000 1.37E+7 0.050 r 18-24 -
29 4yr1 4yr and older whitefish, C 2000 5.24E+7 0.043 r 18-20 -
30 4yr2 4yr and older perch, C 1000 2.14E+7 0.048 r 21-24 -

*in (µgC/m3). †in (µgC/ind). ‡mass-specific relative growth rate r and metabolic rate x of guild i (1/day); scaling is done
with respect to the growth rate of guild 1. §Feeding mode (a=autotroph, o=osmotroph, f=filter-feeder, i=interception
feeder, r=raptorial/ambush feeder). **ID of resource guild. ‡‡Edibility (++: well-edible, +: less edible, --: edible only for
specialists), §§general diet description (B=bacterivore, H=herbivore, C=carnivore, O=omnivore).
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Supplementary Table S2 Summary of the ATN model parameters for Lake Constance.

Parameter Unit Value Description Reference
K μgC/m3 540000 Phytoplankton carrying capacity Boit et al. 2012
xi 1/day 0.04 - 0.18 Mass-specific metabolic rate1 Brose et al. 2006
ri 1/day 0.6 - 1.09 Mass-specific growth rate for autotrophs1 Brose et al. 2006
cij 1 Producer competition coefficient Boit et al. 2012
fa 0.4 Activity metabolism coefficient Humphreys 1979
fm 0.1 Maintenance respiration coefficient Humphreys 1979
yij 10 Maximum ingestion rate Brose et al. 2006,

Yodzis and Innes
1992

eij 0.66 Assimilation efficiency Nielsen and Olsen
1989

dij m3/μgC 0 – 0.5 Feeding interference coefficient Skalski and Gilliam
2001; Boit et al.
2012

qij 1.2 Functional response shape parameter Boit et al. 2012
ωij 0 – 0.5 relative prey preference Boit et al. 2012
pij 0 - 1 fraction of resource species shared Boit et al. 2012
si 0.2 fraction of exudation Boit et al. 2012
B0ij μgC/m3 1500 -

700000
Half-saturation densities Boit et al. 2012

1 Relative rates with respect to guild 1; see Table S1.
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Supplementary Table S3 Description of the five life stages for whitefish and perch. For details about the construction of the life stages, see methods section.

Stage Whitefish Perch
Length (cm) Weight (g) Metabolic rate Diet1 Length (cm) Weight (g) Metabolic rate Diet1

larvae 1.2 0.009 0.141 plankton 0.7 0.003 0.159 plankton
juveniles 13.4 19.1 0.062 plankton 9.14 10.2 0.066 plankton
2 year adult 22.7 100.0 0.051 plankton 15.1 48.7 0.056 plankton, fish

larvae
3 year adults 29.8 235.2 0.047 plankton 19.3 104.4 0.051 fish larvae,

juveniles

4+ year
adults2

35.3 397.6 0.044 plankton 22.2 162.6 0.049 fish larvae,
juveniles

1 Further detail about the prey items is provided in Table S1.
2 4 years and older.
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Supplementary Figure S1 The temporal development of age-class specific biomasses of whitefish and perch.
Biomasses of 2 year old are shown with dotted line, 3 year old with thin solid line, and 4+ year old with thick solid
line. Simulations without life-history changes are shown in black, while those with changing life-histories are shown
in red. The beginning and the end of fishing are indicated by vertical lines.



7

Supplementary Figure S2 Comparison of the impacts of selective and non-selective fishing with the same biomass
removal. Selective fishery (black) harvests older age classes more intensively, whereas in non-selective fishery
(green), fishing pressure is equal among 2, 3, and 4+ age classes. For non-selective scenario, fishing mortality rate
F=0.25 (year-1) yielded best match with the total fish biomass removal by the selective fishing scenario. The
beginning and the end of fishing are indicated by vertical lines.
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Supplementary Figure S3 Impacts of fishing selection on plankton community in the absence of life-history changes.
Selective fishery scenario is shown in black and non-selective in green. Implementation of non-selective fishing is as
described in Supplementary Fig. S2. The beginning and the end of fishing are indicated by vertical lines.
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Supplementary Figure S4 Implications of life-history changes in the presences of year-to-year stochasticity in
phytoplankton carrying capacity (SD: 10% of K). Biomasses of 2 year old fish are shown with dotted line, 3 year old
with thin solid line, and 4+ year old with thick solid line. For newborn biomass and the total ecosystem biomass,
smoothed patters are plotted with thick solid lines. For newborn biomass, standard deviations are similar during
fishing for scenarios with (red) and without (black) life-history changes, but after the end of fishing they are about
40% higher in the presence of life-history changes, as compared to the absence of life-history changes. Similarly,
variation in total ecosystem biomass is similar during fishing, but standard deviations remain about 23% higher in the
presence of life-history changes after the end of fishing. Smaller amounts of stochasticity further emphasized the
role of life-history changes, whereas if SD of the stochasticity about K was set to 15% of K, increased variability
associated to fish life-history changes was largely masked by the variability driven by K.
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Supplementary Figure S5 Biomasses of six major plankton groups in the presence of year-to-year stochasticity with
(red) and without (black) life-history changes. Stochasticity was implemented similarly as described in
Supplementary Fig S4. Smoothed patterns are plotted with solid thick lines.
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Supplementary Figure S6 The role of fish life-history changes in the absence of biomass removal by fishing. The
scenario with life-history changes (reducing fish body size and the age at maturation) is shown in red and the one
without life-history changes in black. Biomasses of 2 year old fish are shown with dotted line, 3 year old with thin
solid line, and 4+ year old with thick solid line.
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Supplementary Figure S7 The impacts of fish life-history changes on six major plankton groups in the absence of
biomass removal by fishing. The scenario with life-history changes is shown in red and the one without life-history
changes in black.


